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Diarrhea  of  infant  mice,  aside  from its  economic importance  to  breeding 
colonies, is the cause of considerable trouble in laboratories using such  animals 
for investigafional purposes.  A description of this disease, its epidemiology and 
pathology have  been  reported  in  some  detail  (1-6),  and  a  few  transmission 
experiments have been conducted by Cheerer  and Mueller  (1).  Although the 
results  of their  studies pointed  toward a  viral  etiology, these authors did  not 
feel that their data furnished sufficient evidence to establish the disease as more 
than  "almost  surely"  infectious,  for "experimental  investigation  of  the  con- 
dition offers extraordinary difficulties" primarily due to the hardships  encoun- 
tered in keeping a  healthy and susceptible stock of mice free of the disease. 
This report will present evidence from transmission experiments that diarrhea 
of infant  mice of the  CFW  strain  is  indeed infectious and communicable;  in 
addition,  the nature  of the etiologic agent will be indicated  in  a  preliminary 
fashion. 
Materials and Methods 
Because of the infectious and highly contagious nature of this disease,  the methods 
used in handling and housing experimental animals will be given in detail. 
Mice and Their Care.--Two  animal rooms were available. They were not directly connected 
with each other, but both opened into the laboratory area. Normal and breeding animals were 
kept in one of these, the control room, and experimental animals in the other, the test room. 
The rooms were ventilated  by the forced circulation of fresh air. Since the ventilating system 
was unbalanced, air constantly flowed from the control room into the laboratory area regard- 
less of whether the windows in the animal rooms or laboratory were open or dosed. 
Only CFW (Carworth Farms Webster) mice were used. They were 5 to 6 weeks old upon 
receipt and were held in the laboratory area for at least  1 week before being placed in the 
control room for breeding. Animals used for transmission experiments were not returned  to 
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this room nor were they used for subsequent breeding. Males as well as females were bred only 
once; thus all infants were offspring of young, 8 to i0 weeks old, primiparae and young males. 
Late in gestation the females were placed alone in separate cages and thereafter did not co- 
habit with other animals except their offspring. 
All animals, experimental and control, received the mine bedding (pine shavings), food 
(laboratory pellets supplemented with rolled  oats and  sunflower seeds),  and  water  (tap). 
These were not sterilized. Cages that had contained diarrheal animals were autoclaved before 
being cleaned and returned to use. The breeding stock and cdntrol animals were cared for 
first each day, and once diarrheal animals were handled, the control room was not entered 
again on that day by that person. Only the author and her assistants have tended the mice; 
no one else was allowed in the animal rooms. For observation of diarrheal signs, each infant 
was handled by means of a forceps that was reserved for its litter only. 
Criteria  for the Diagnosis of Diarrhea.--At  the outset of this study only external signs were 
taken as evidence of disease for both spontaneous and induced disease. Later these signs were 
found to be inadequate in cases of mild diarrhea. Thus, for external signs, the least amount of 
tenacious,  mucoid,  mustard-colored fecal matter smeared about the  anus,  on the ventral 
portion of the tail, or over the hind legs, even if seen on only 1 day in one member of a litter, 
constituted the basis for considering that litter to be diarrheal. Severe diarrhea, in which every 
infant of a litter was almost completely covered with fecal matter, was often, but not always, 
followed by impaction of the rectum by a  dry,  brown-black fecal mass. When the disease 
reached this stage, recovery might occur upon spontaneous removal of this mass, but death 
ensued if it was not removed. In our experience death occurred rarely in the absence of im- 
paction. 
It soon became evident that one or more daily examinations of mice having mild diarrhea 
led to inaccurate diagnoses, since two individuals observing the animals at as short an interval 
as  1 hour would  sometimes disagree as to whether or not diarrhea was present or absent. 
Apparently many lactating mice zealously clean their young, and it seems that it is only when 
they can no longer keep up with the task, as in severe diarrhea, that soiled infants result. 
Diagnosis may therefore be unreliable during life, for even in severe diarrhea the infants con- 
tinue to nurse avidly, the diarrhea appearing to be the only sign of disease. 
It has been observed that in the lower colonic contents of normal mice of preweaning age 
are formed stools of burnt orange color. In  diarrheal  animals these contents may be  fluid 
(amber to gray-green) with no evidence of solid matter, they may be bright yellow mucoid in 
nature, or a combination of both. A large amount of gas is often seen in the colons and ceca of 
sick animals. Thus, when it was later found necessary, for reasons that will become clear below, 
to limit the incubation period for each experiment, all test mice were sacrificed and autopsied 
to determine the appearance of the colonic contents and were diagnosed accordingly, whether 
or not they had shown any external signs of diarrhea during life. 
Until more is known about the rate of spread of the disease within a litter, each litter has 
been considered to represent one experimental animal; for without marking each member of a 
litter, it has been impossible to know whether the same mice had diarrhea on 2 successive days 
when the whole litter was not involved. 
Crude InJestlnal Suspension.--The  intestine and its contents from infant mice were  re- 
moved in toto, ground in a  mortar without sand, and diluted in neopeptone broth to give a 
10 per cent suspension. The suspension was not centrifuged; either coarse particles and tissue 
fragments were allowed to settle out, or the suspension was passed through a  few layers of 
cheese cloth. The supernatant fluid or cheese cloth filtrate was the "crude suspension." 
Intestinal Filtrage.--The crude suspension was passed through a  clearing filter (Seitz K2) 
and the resulting filtrate subjected to a Seitz EK filter with negative pressure. This last filtrate 
constituted the  "intestinal filtrate." The undiluted filtrate was always considered to be a 
1:10 dilution of the original intestines and contents. Tests for sterility were carried out by LISBETII M. KRAFT  745 
inoculating  0.5 to 1.0 ml. of filtrate  into thioglycollate  broth and spreading 0.2 ml. on the 
surface  of rabbit  blood agar plates.  The latter  were incubated in  air  and in the candle  jar;  all 
cultures  were held at 37°C. for I  week before  being discarded.  Cultures  were uniformly nega- 
tive.  It  is  felt  that  this  procedure eliminates  from consideration  all  but a few fastidious  organ- 
isms. 
S#orage  of  Intestina~  S~sp~s.--Before  preparation  of suspensions,  whole mice or their 
intestines  were frozen  at -20°C. They were not quick-frozen.  When nccdcd they were thawed 
as rapidly  as possible  at 37°C.,  and suspensions  were made as described  above. These were 
then stored  at --70°C. after  rapid  freezing. 
Feeding  of  In~e.slinal  Suspcnsio~.--Approximately  0.01 ml. of the material  to be fed was 
deposited  in the infants'  mouths with the aid of  a dropper.  No attempt was made to  give  the 
material  by gavage or  by other  routes.  In general,  the infants  readily  accepted the  inoculum. 
Hyp~immune Scra.--After  preliminary  bleeding,  rabbits  were immunized by intravenous 
injection  of !  ml. of diarrheal  or  normal intestinal  filtrate  twice  weekly for  3 weeks. One week 
after  the last  injection  they were bled and their  sera  used in neutralization  tests.  The rabbits 
remained well  throughout the course  of  immunization. 
Bacteriologic Examination  of Crude Intestinal  Suspension.--Crude  suspensions from diar- 
rheal and normal infant mice were tested for the presence of SaIraon~a by preliminary growth 
in Stokes's medium (7), followed by plating on brilliant green agar. Other flora were sought 
by direct plating of crude suspensions on rabbit blood agar. Aerobic and anaerobic incubations 
were employed for the plate cultures. 
RESULTS 
Transmission of Diarrl~ea to In/ant Mice.--The inoculum  for the following 
experiment consisted of crude pooled suspension from one litter  of 8 mice sacri- 
ficed during the 4th day of naturally acquired diarrhea.  These animals were 9 
days old at the onset of disease and were the offspring of a multipara that had 
been bred at Carworth Farms. The young were born in the laboratory 7 months 
before the start of this experiment. 
The source of the disease in this litter  is not known.  The litter  was one of 
many  that had been born in the laboratory of mice that were bred at Carworth 
Farms during the previous 5 months. Diarrhea had not been seen prior to this 
time; at the same  time, however,  that the litter in question  developed  the 
disease an epidemic of what was to become severe diarrhea was beginning in the 
CFW  colony at Carworth  Farms. The signs of illness  were essentially the same 
as those described  by  Cheever  el a]. (I) for the epidemic  diarrhea  in their 
colony. 
One hundred and five  litters  ranging  from less  than 24  hours to 13  days of  age at  the  time of 
feeding  were used; 53 litters  were uninoculated controls  (total  of 408 infants)  and remained 
in the control  room throughout the course of the experiment. The other 52 litters  were re- 
moved to  the test  room 2 days prior  to  feeding.  Of these,  27 (total  of  205 infants)  were fed  the 
crude suspension  described  above. The remaining 25 (total  of 190 infants)  were not  fed and 
will  be  referred  to  as  "contacts."  No infant  mice  had been  in  the  test  room for  at  least  4 months 
prior  to the time of the experiment. After the mice had been fed,  no cages  were cleaned for 
6 days.  Mice were examined once a day for  external  signs  of diarrhea. 
This trial  was carried out in June and July of 1956, and unfortunately  the un- 
screened windows of both animal rooms had to be opened for adequate ventilation. 746  ETIOLOGY AND TRANSMISSION  O~ EPIDEMIC  DIARRHEA 
Flies were numerous and had ready access to the immediate environment of the mice 
through wide-mesh cage covers. In addition, a  moderate infestation  of cockroaches 
and  wild  mice began while  the experiment  was in progress.  Despite  these  adverse 
conditions, the animals in the control room, which had contained no infant mice for 
at  least  3  months before the  introduction  of the normal breeding  stock,  remained 
entirely free of external diarrheal signs. Although it is conceivable that some animals 
might have had inapparent infection, nevertheless a  number of these  controls have 
since been used for breeding, and none of their progeny has become spontaneously ill 
with diarrhea while in the control room. 
The situation in the test room was quite different.  Figs. 1 and 2 indicate the arrange- 
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Fzo. 1. Incidence of diarrhea 2 days after feeding intestinal suspension. See text for explanation. 
ment of the cages with respect to each other. The large square at the top represents a 
rack of cages; the rectangle at  bottom, a  table; and the narrow rectangJe at left, a 
row on another rack. Each of the small squares represents a cage with a single litter 
and female,  and the numbers indicate the ages in days of the litters at the time of 
feeding. 
Fig.  1  shows  the  incidence  of diarrhea  2  days after  feeding.  Disease  was 
confined only to those litters that had been fed. On the 3rd day after feeding, 
one additional litter  (11 days old at feeding),  and on the 4th day another  (10 
days old at feeding)  had slight  diarrhea.  Four contact families developed  the 
disease on the 3rd day after feeding, one more on the 4th, and one more on the 
5th day. No new cases developed thereafter,  except for the litter that was less 
than 24 hours old at the time of feeding (see below). The period of observation 
was 19 days. LISBETH M.  K-RA]FT  747 
Fig. 2 indicates the final result of manifest diarrhea in all litters in the test 
room.  Fig. 3  gives essentially the same information, but it shows as well the 
age distribution of the mice in the control room. 
The duration of illness in both groups of animals and their ages at onset are 
given in Table I  which indicates that the younger the animals were at onset, 
the longer the disease lasted. Table I  also shows that no matter at what age 
diarrhea began in  this experiment, recovery, exclusive of impaction, occurred 
between the  14th  and  17th  day of life. In addition, it appears that diarrheal 
feces are infectious from the time of their first appearance. Thus,  the average 
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FIG. 2. Incidence of diarrhea 5 days after feeding intestinal suspension. See text for explanation. 
time of onset in the inoculated group was 2.1 days after feeding, and the average 
time of onset in the contact group was  1.7  days after the first appearance of 
diarrheal feces in the inoculated animals. 
One  litter that was fed when  less than 24 hours old must be considered  further. Mild 
diarrhea of 3 days' duration did occur in these mice, but it was not observed until they were 14 
days old. It is possible that external signs of diarrhea were missed in this litter until the time of 
apparent onset; it is also possible that the litter was resistant to infection immediately after 
birth and that the diarrhea was acquired at a later time from other diarrheal animals in the 
test room. 
Attempts to Control Cross-Contamination.--An  effort was made to determine 
the route of the cross-contamination seen in the trial just described. 
Flies obviously needed to be eliminated, and thus fly screening was attached to each cage 
cover. The wild mice and cockroaches were brought under control before the experiment ended, 748  ETIOLOGY AND TRAN'S]HISSION OF EPIDEMIC DIARRHEA 
and, in order to test the efficacy  of the screening in preventing the spread of disease, a titra- 
tion, using 100-fold  dilutions, of intestinal filtrate and crude suspension  prepared from a single 
diarrheal litter (No. 547) was carried out. The cages were placed at random on a table in the 
test room. Mice were examined twice daily for external diarrheal signs. 
The results are given in Table H  which shows that only those animals that 
were fed diarrheal crude suspension (10-1  to 10-  7) and diarrheal filtrate (10-1 
to 10  "~) developed diarrhea. None of those that were fed normal suspensions 
or  that  remained  uninoculated  became  ill.  Although  these  results  strongly 
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the mice in the test room, the right half those in the control room. Legend as for Figs. 1 and 2. 
suggest that control of extraneous insect life prevented cross-infection, further 
trials have not borne this out,  and the apparent titers of about  10  -6 for the 
filtrate and  > 10-  7 for the  crude  suspension  (Table II) might indeed  be in- 
correct.  It is quite  possible that  chance  alone could  account for the lack  of 
diarrhea in the contact mice of the experiment just described and its presence 
in animals that were fed diarrheal material. 
Results of the titration of another diarrheal filtrate (No. 597) are presented 
in Table III. This shows that the "success" of the former titration was in all 
likelihood fortuitous, for Table III indicates that there is no causal relationship 
between the material fed and the appearance of diarrhea when the time elapsed 
was, in this case, more than 5  days after feeding  (1  litter fed  10  -s dilution); LISBET~ M. m~AFT  749 
and most certainly there was no relationship when the time elapsed was 6 days, 
since  the  uninoculated  contacts  began  to  show  diarrhea  at  that  time.  The 
animals used in this titration were the sole inhabitants of the test room through- 
out the period of observation. 
Contact  of  Normal  with  Convalescent Animals.--Another  experiment  has 
shown that cross-contamination may, in addition, be the result of contact with 
recovered animals. Table IV indicates the plan and results of this trial. 
Three litters (Group I) were fed diarrheal filtrate and placed in the test room. They re- 
sponded with typical signs (but no impactions). Three days after the disappearance of the 
TABLE  I 
A verage Age at Onset and Duration of Experimental Diarrhea 
Litters fed  Contact litters  Age at time 
of feeding 
No.  Onset*  Duration~  No.  Onset*  Duration~ 
days 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
5 
6 
7 
8 
9 
10 
11 
12.3 
14 
)9 
8 
7 
6 
>6 
>6 
>4 
2 
2 
9.3 
10 
10.5 
11.3 
13 
14 
:>2 
8 
>6 
6 
4 
4 
2 
* Average age at onset (days). 
J; Average duration in days of diarrhea exclusive of period  of impaction when present. 
>  =  duration unknown in some litters due to their sacrifice while ill. 
last external evidence of diarrhea (9th day after feeding) three additional litters (Group II) 
were taken from the control room and placed in the test room without having been fed in- 
fectious material. Diarrhea was first seen in litter No. 4-5 of this group (II) on the 3rd day 
(more than 80 hours), and in litter No. 4-6 on the 6th day after they were placed in the test 
room. Animals of susceptible ages (Group III) remaining in the control room showed no evi- 
dence of diarrhea. No other animals were in the test room during the course of the experiment. 
No flies or other vermin were concerned in the last two trials described, and, 
since separate forceps were used to handle the infants during examination, it is 
presumed that the diarrheal agent is, or at least can be, air-borne. 
We have never seen diarrhea  in uninoculated animals  less  than 40 hours 
after exposure to diarrheal mice in the test room. We have therefore adopted 
an incubation period of not more than 80 hours (actually 72 hours) on which to 
base  data  obtained from  the  following experiments; for  diarrhea  appearing 
after this time might be the result of cross-contamination and might not be due 750  ETIOLOGY AND TRANSMISSION OF EPIDEMIC DIARRHEA 
to the material fed. Thus if the titration data of Table II are now re-examined 
on the basis of an incubation period of no more than 72 hours, it becomes clear 
TABLE II 
Titration of Normal and Diarrheal (No. 547) Crude Suspensions and Filtrates 
Material fed 
Normal crude 
Normal filtrate 
Diarrheal crude 
Diarrheal  filtrate 
¢¢  g¢ 
g¢  ¢¢ 
None 
Dilu- 
tion 
10-I 
I0-~ 
lO-I 
10-8 
lO-S 
10-7 
lO-X 
10-8 
10-s 
i0-~ 
[o. of 
!tters 
2 
2 
2 
2 
2  0 
2  0 
2  0 
2  0 
2  0 
2  0 
5  0 
Days after feeding 
1  2  3  4  5  6  7  8 
0* 
0 
0 
0 
0  0  0  0  0  0  0 
0  0  0  0  0  0  0 
1  1  2  2  2  2  2 
1  1  2  2  2  2  2 
0  1  2  2  2  2  2 
0  0  1  1  1  1  O~ 
2  2  2  2  2  2  2 
1  1  0  0  1  1  1~: 
0  0  0  0  1  1  2 
0  0  0  0  0  0  0 
0  0  0  0  0  0  0 
* The figures indicate  the number  of litters showing diarrhea  on each day of observation. 
:~ Both litters were diarrheal,  but not on the same days. 
TABLE III 
Titration of Diarrheal Filtrate No. 597 
Material fed 
Diarrheal filtrate 
None 
Dilation 
10-~ 
10-~ 
lO-S 
lO-S 
No. of 
litters 
Days after feeding 
1  2  3  4  5  6  7 
0*  2  2  2  2  2  2 
0  2  3  3  2  1  2 
0  0  0  0  0  1  2 
0  0  0  0  1  1  1 
0  0  0  0  0  1  2 
* The figures indicate the number of litters showing diarrhea  on each day of observation. 
(Table  V)  that  there  is no  significant difference between  the  titers  of  crude 
suspension of litter No. 547 and filtrate, both preparations titering  >  10  -3 and 
<  10-L 
Serial  Passage  of Filtrable Agent.--Although  it  may  seem  unnecessary,  in 
view of the cross-contamination demonstrated above, to show that the filtrable 
diarrheal agent can be serially transferred and is therefore infectious in nature, LISBETH M.  KRAFT  751 
a  number of such  passages  have  been  performed.  The original  filtrate was 
derived from mice that had received  crude suspension.  Their intestines were 
harvested on the 2nd day of diarrhea of which the incubation period had been 
TABLE IV 
Diarrhea Due to Contact of Normal with Convalescent Mice 
;roup 
I 
II 
III§ 
Material  Litter 
fed  No. 
Diarrheal  4-1 
filtrate  4-2 
4-3 
None  4-4 
4-5 
4-6 
None  4-7 
4-8 
4~ 
4-10 
Born 
Mar. 7 
a  5 
++  7 
Mar. 12 
"  IS 
"  16 
Mar. 12 
"  14 
"  15 
"  15 
Date (Mar., 1957) 
12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27 
-*  -  +  +  +  +  + 
+  +  +  + 
+  +  +  +  + 
{='}  ++++ 
+, --  indicate  presence  and absence,  respectively, of external diarrheal signs on one or both of two daily 
observations. 
* Group I removed from control room, fed, and placed in test room on March 12. 
~: Group II removed from control room to test room on March 21. 
§ Group III remained in control room through March 27. 
TABLE  V 
Tilra~ion of Diarrheal Crude Suspension and Filtrate, 72 Hours' Observation 
Material fed 
Crude 
c~ 
Filtrate 
Dilution 
10-i 
10-a 
10-~ 
10-1 
10-3 
I0-~ 
No. of litters 
Hrs. after feeding 
24  40  48  66  72 
O*  0  1  1  i~ 
0  0  1  1  1:[: 
0  0  0  0  0 
0  0  2  1  0 
0  1  1  1  l~t 
0  0  0  0  0 
* The figures indicate the number of litters showing diarrhea at each observation time. 
:~ Both litters were diarrheal, but not at the same observation time. 
2  days. Table  VI, which shows that  a  final dilution of the starting  material  of 
10  -a3 was accomplished by these passages, demonstrates  that  the filtrable agent 
is infectious. 
Neutralization of Filtrable Agent by Specific Antiserum.- 
Equal parts of serum and intestinal filtrate dilutions were mixed and allowed to stand at 
room temperature for 45 to 60 minutes and then fed to infant mice. The sera were inactivated 
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It can be seen in Table VII that serum in a  dilution of  1:10 from rabbits 
hyperimmunized with  diarrheal  filtrate  neutralized about  10,000  infectious 
doses of the agent, while the pre-immunization serum had no effect.  Rabbits 
immunized with normal intestinal filtrate yielded a  serum that was incapable 
of neutralizing the agent to a significant degree. The titer of the filtrable agent 
used was l0  --s.8. 
TABLE  VI 
Serial Passage of Filtrable  Agent 
Passage  Dilution fed  Incubation period  Dilution of original 
No.  filtrate 
10-1 
10-4 
10-a 
10-1 
10  ~ 
10--2 
48 
48 
70 
48 
66 
48 
10-1 
10-6 
10--8 
10-~ 
10-11 
10-13 
TABLE VII 
Neutralization of Filtrable  A gent by Hyperimmune RabMt Serum 
Immunizing agent  Serum (I: I0)  Titer of filtrate  N.I.* 
Diarrheal filtrate  Pre~  10  -5-s  4.0 
Post  10  -1"a 
Normal filtrate  Pre  10  -5"a  0.5 
Post  10  -4"s 
* Neutralization index. 
Pre -- before immunization. Post =  after immunization. 
Heat Stability of Filtrable Agent.-- 
Aliquots, 0.5 ml. each, of one diarrheal filtrate were heated in a water bath for varying 
times at different temperatures.  They were then fed to mice without further dilution. The 
titer of the filtrate before heating was also ascertained. 
From Table VIII it is apparent that  the agent is relatively heat-stable in 
neopeptone  broth,  but  temperatures  that  denature  proteins  also  cause 
infectivity to be lost. 
Bacteriologic Examination  of Crude Suspension.--Crude  suspensions from a 
number of  normal and  diarrheal  litters  were  examined for  the  presence  of 
Salmonella.  None were found. 
With respect to other intestinal flora, only one unusual organism came to our attention. 
This was a  Gram-variable, spore-forming bacillus of rather distinctive pleomorphism, the 
identity of which is still unknown. It was isolated repeatedly by direct plating of crude sus- LISBETH M.  KRAFT  753 
pensions on blood agar, was usually found in very large numbers (at times in almost pure 
culture), and was recovered from 13/19 diarrheal litters and 0/11 non-diarrheal litters. The 
relationship between this organism and diarrhea of infant mice is not clear at present. Further 
work is contemplated to attempt to ascertain its role, if any, in the natural disease. 
Pathologic  Findings.--Histological  changes  have  been  described  by 
Pappenheimer et al.  (2, 4) in their material. In agreement with  their observa- 
tions, we have found that inflammatory changes of any part of the intestine 
are lacking even at the height of severe diarrhea.  The principal features are 
greatly increased sloughing of the luminal epithelial cells of the villi of the small 
intestine with concomitant edema of some of the villi. Distension of the large 
bowel  occurred  late  in  the  disease  and  was  not  necessarily  correlated  with 
impaction of the rectum. 
Acidophilic,  intracytoplasmic  inclusion  bodies  were  seen  in  some  of  the 
TABLE  VIII 
Results of Heating Diarrheal Filtrale 
Heated at: 
m 
56°C. 30min. 
60°C. 30  " 
70°C. 15  " 
75°C.  5  " 
Dilution tested 
10-'4.3 
lO--~.s 
10-1 
lO-X 
I0-~ 
10-~ 
Litters 
2/2 
1/2 
2/2 
2/2 
0/2 
0/2 
Diarrhea* 
Infants 
is/t5 
4/1s 
15/18 
9/19 
0/20 
0/17 
* Determined at autopsy 72 hours after feeding. Numerator  ffi number of diarrheal in- 
fants or litters. Denominator ffi number of infants or litters fed. 
intestinal epithelial cells during diarrhea, but their presence in our material has 
not yet been correlated with signs of disease. Again in agreement with Pappen- 
heimer  (4),  we have seen cells in diarrheal  animals in which  more than one 
inclusion could be seen. They always appeared between the nucleus of the cell 
and the lumen of the intestine. 
DISCUSSION 
The difficulties encountered in experimentation with diarrhea of infant mice 
of the CFW strain under ordinary conditions of animal care are evident from 
the foregoing trials. Cheever and his associates (l, 3) met with similar problems 
in their experiments and epidemiological studies. Although the number of their 
transmission experiments was quite small, and although it is not certain that 
their disease was identical  with  the one now under  study,  certain facts have 
emerged that point  toward a  virus as the etiology of both conditions.  Their 
studies  have shown  that  the agent is filtrable and  that boiling abolished its 
infectivity.  We have also  found  that  it  is filtrable,  that  it  is inactivated  in 754  ETIOLOGY  AND TRANSMISSION  OF EPIDEMIC  DIARRHEA 
broth at 70°C. for 15 minutes but that it is not completely destroyed at 60°C. 
for 30 minutes. We have shown in addition that infectivity is neutralized by 
specific hyperimmune rabbit serum, and that the agent can be serially trans- 
ferred in mice of susceptible ages. 
We have evidence that when mice reach 12 days of age they are resistant to 
experimental  infection. It is not known, however, whether a carrier state is set 
up when mice over 11 days old are fed infectious material. The age of optimal 
susceptibility has not been determined, but we have confined our experiments 
involving characterization of the agent only to mice 3 to 8 days old. However, 
this age span might not have been the most propitious for accurate evaluations. 
The shortest incubation period has been 40 hours in animals fed infectious 
material, but  the determination of the longest  possible  period  will have  to 
await the time when each litter can be kept in strict isolation  for at least 2 
(possibly 3) weeks after birth. It is unfortunate that in the present study it was 
found necessary  to terminate experiments  at 72 hours after feeding, for this 
may have influenced the sensitivity of titrations as well as of neutralization 
tests. 
The absence of Salmonella on the bacteriologic examination of diarrheal and 
normal mice  indicates  that these organisms need not be reckoned with in the 
etiology of this diarrhea.  That they may cause diarrhea of a different kind in 
infant mice, however,  has been  shown by Syverton and Olitsky (8).  In the 
present study the relationship  to diarrhea of an unidentified organism that has 
been repeatedly isolated from diarrheal mice but not from normal mice of the 
same ages requires further elucidation. 
It will be necessary  in future to compare  the diarrheal virus of the CFW 
strain of mice with agents that cause similar disease in other strains. In addition, 
there are a number of known viruses that may be carried by mice that must be 
differentiated from the diarrheal agent. Among these are Theiler's encephalo- 
myelitis virus, lymphocytic choriomeningitis virus, mouse hepatitis virus,  and 
some pneumotropic viruses, e.g. Nigg's pneumonitis virus and pneumonia virus 
of mice. Some of these can already be excluded because of the signs produced by 
oral inoculation (Theiler's  virus (9) and mouse hepatitis virus (10)), or on the 
basis of heat stability (pneumonia virus of mice is extremely heat-labile  (11)); 
but final identification and differentiation will have to await the performance of 
immunological tests. 
Now that the infectious and communicable nature of the diarrhea of infant 
mice has been established,  it is expected  that progress will be made not only 
in the complete characterization of the agent but also in the study of the natural 
history and control of this disease. 
SUMMARY 
Transmission  experiments have shown that epidemic diarrhea of infant mice 
of the CFW strain is infectious and communicable.  Cage to cage spread  can ~ISBF~XH ~. r,_RA~T  755 
take place by the air-borne route. The agent appears to be a fairly heat-resist- 
ant virus that can be serially transferred and that is  neutralized by specific 
hyperimmune antiserum from rabbits.  Mice are susceptible to it by the oral 
route from at least the 3rd day after birth to the 10th  or  llth  day. There- 
after they appear to  become resistant.  The  shortest  incubation  period ob- 
served has been 40  hours from  the  time  of feeding infectious  material;  the 
longest period could not be ascertained under the conditions of test.  Factors 
relative to the differentiation of this virus from other viruses are  briefly dis- 
cussed. 
The author is deeply indebted to Miss Margaret T. Spencer  and Mrs. Bernice Meltzer for 
their invaluable  aid in carrying out this work. 
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